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FOREWORD

An analysis of the results of a'l/IOth-seale'iodel base hentin;'ltndy,f
as applied to the full scale. Centuur vehiclo is prelented._ The test:
'progru- was conducted by Cornell Aeronantical Laboratory, Inc., nnder

- contract with NASA Lewis Research Center. The . telt techniques and

" much of the support equipment ncod in thi- atndy were developcd pre-
‘wiously for baae hesting ltndiel ot the Satnrn .pacc lnnnch vchiclo. '

Although base henting on a twin enginc configuration -nch as Ccntunr’
_ _ "13 not as severe as on a clustered engine eon!ignration. it was folt
S T‘fi that a heuting problon wmay exist. Thercforo. the scale -odol basc '
3::t:)1.f' _!heating test progra- was initiatcd.. The Centaur te.t progr&n vas
’ initially set np to be dovotuiled 1nto the Saturn pro¢ra- on a non-. e
PRI 'interferenco basis. Later whon the CQntanr program was tran-fcrrod te ff 2;} 'f\f§
};:;g'?,“.f; NASA, Levis Research ccnter, tho to.tl woto conduetcd indopendontly of :~ : 1«;5

" the Sstnrn pro;ran. L

o
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SUMMARY

The l/lOth-lcule model Centaur base hcuting progian was condncted'ct
Cornell Aeronautical Laboratoery, (CAL) to detornine the heating cf!octo
of the reverse flov field on components in the ba-c region. Tho
- reverse flow io due to nain‘englnq exhaust jet interference at high
" altitude., Also, the reverse flow gal.equndi»fo tenperatnr¢l below
A'V the freezing point of water so that ice purtiele- could cause 'iun@
blaltin" of conponento in the base reglon. The results of the base
hentgng program were used to. deternine i adequate inenlgtion is provtdol

on the tenperatnre aenuitive components 1n the base regiol.

 ;The tests were conducted in a high altitude chamber ﬁsin‘Anhort dnrdtiil‘A“
- teating techmiques. 'A.I/IOth-bcgie model eimulating the aft portion
‘of the Centaur vehicle from station 412 rearward was used. - The scope

; éf the program was to study th¢ conie¢tivonheating'?ate- in the reverse '

" flow field, to #ttempt to neaanre'ico partiéle formation in the reverse _
flow field, and to deternine -ealing parameters to be used in applyin‘ _
the measured heat rates to the tnll-.eulo vohielc.’ B o

;;;5=: f ' The heat flux survey tests were uadé at a simulated altitude of .
‘ o . 360,000 feet. The data from one run at 450,000 feet was nled to de- -
ternino the heat flux varaation with lltitudio o ' o

o w : f"Sinco the -i:o of the -cdlo‘nodél hi- lone'éffecf on the reverse
Eﬁj'fi;ﬂ . flow field due to variation in Reynolds nusber with model size, the
SEE - Reynolds number was varjed by-chan¢iug_thé chamber pressure.

The instrumentation used ln;the survey of tﬁo-he.f flux in the r'iorlo»_
flow field was mounted on rods of difforont‘-i:O- to provide scaling
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:$sformation in applying'the tesf.dats.to the full scalescomponenfq.

_ » Extrapolation of the scale modelldata is possible py correlation on tks»
J": " . basis of the flow regime obtained for the attained test conditions.

.'The results of the tests,'whers chsnber pressure 'as'vsiied; along
‘;;:'vith information from Reference 4, indicated that scaling effects -
¢/~ -on the reverse flov_field were smsll. Although scaling effects would -
' cause a reduction in the measured heat flux, the actual flux would bo»
reduced by cooling effects of the LOX boost puﬁp turbine exhaust which
was pot included in theﬁtest. Also.’the results of ‘the test at . S
- 450,000 feet, the a;titude at which Centaur main eng;ne start occurs,
-_ﬂ“lshovs that the measured rates at 360, 000 feet are high by a factor of
S f'j.l 25. 'Therefore, the measured heat tlux can be’ applied directly to
's7<:> :Afx_ the full scale vehicle although ‘they may be slightly conservativ..

The results of the tests show that the reierse tlow tisld'is in the

.f>Heat flux to components in this region would range ‘from a naxinu- of
" 0.6 Btu/tt -sec nearest the nozzle exit to less than O. 2 Btu/tt sec
~ at.the base. The naxinu- heat rate at the base occurs on tho X-axis'
approximately 21 inches fro- the center.‘ The hest tlux arops oxf

”,rapidly from thil polnt,lf

vid o

| k1

" 'slip flow regime and approaches the free nolecular regine at the base, o
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S

'llunch vehiclc. : \

" The scope of thell/IOth-léaio iodei ﬁrogi;ﬁ was

 GD/A-BTD64-137 - -
. 21'Aqgnst'19§4 P

INTRODUCTION -

'The l/lOth-scaIe_mddel Centaur base hedtihg program 'al‘initddted-to

- determine if the various components in the vehicle bdse region'vould' o

be subject to over heuting. It was - felt that reverse flow in the

base region due to main engine Jet interferenco, in nddition to radit-.ﬁd
B Qtion effects, might cause overheating of some of the tempcratnro-
" - sensitive eolponentl.. Also, linco the Jet exhanst. which conlictl
» pri-arily of water vapor, 'ill expand to temperatures below the fronl- j
' ing point of water, ice particles could be formed in the flow field.

These particlea would be accelerated toward the base of ‘the vehicle by
the reverse flow and, if they grow to lutficicnt .1:0, 'ill can-o o

' oroniou and heating upon i-paot.~

) Tho study was eondudted by Cdrdell derodantiealbLAboratory.'uling"‘

short duration test techniqno developed by the lnboratory for base

‘_3 heating studies of ‘the clnstered eonfiguration lor thc Sutnrn -ploo :

i
{
K
1

i

\."

te o
vective heating rates to the Centaur aft bulkhead and to vartonl con~
ponents mounted in the aft region, 2) to attempt to measure ice v

. “particle formation in the reverse.flow field; and 3). to determine .

scaling parameterl to be used 1n applying the leglnred heat rntoo to i

© .- the full-scale vehicle.

A Dnriné the planning'ataiel of the base heating -tndy.progra-, eon#
_-iderntion was being given to ehanging the Atla--Contanr lep.ration
L plane to a ntation uft of the 412 ring, lcavin‘ an cxtonded skirt en

vt

tedy the eon- fﬁ ?
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A

the Centaur vehicle. Thie extended skirt confignrntion would probobly

increase the heat transfer rate to the base by increasing the base

}proosure and was thus considered in the l/lOth-ocole program. However,

new separation techniqueo eliminated the lower oepnration plone re=

_ quirement. Therefore, this portion of the baee hentin; test progrel

' was deleteds - -

The proposed ice particle formation otndy would not have been &
pooitive test because there was some doubt as tonthe'fooai$i1ity of

he testing teehniqnee unsed. Iee particle foraation-in the'model tests
may hove been effected by model dimensions. That io, the condensation
kinetics may be dependent upon distance of trovel between the nozsle

" exit plane and the base. Also, the temperntnre ef!eete of the oltitnde

ohnnber environment may effect ice pertiele ¢rovth.

The ice particle‘formation otudy portion of the progra- wao deleted
due to lack of funding, but a Ieaexbility otudy of detecting ice
pertielee in the reverse flow tield ueing a light scattering teehniqne

1‘;_vao later enrried out by Cornell Aeronenticel Lnborotory, using the

" obtained from this pregram..

Ceteea e

‘centnnr l/lOth-ocole nodel. No . inforlntton perta;n i_to'Ceaﬁsnr eee_

ix
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‘DISCUSSION

Facility ond'Equipnent:'bTho'l/loth-scolo model simulated the aft
portion of Centaur from station 412 rearwvard. The model basically

consisted of fyo unjackefed 40:1 orponoion.rotion nozzles and the

Centaur aft bulkhead iith only the added oquiﬁmenf and protuberances ‘_ﬂ‘

which would have a nojor'offect'oo thefroverso flow field. Tho oddol_ f

.. equipment, which were ‘removed for those tests requiring a clear base,

were the helium storage bottles, the hydrogen peroxide bottloo, and
the boost pump sump. The engine nozzles were capble of being gi-holod

dogreeo in the yaw, pitch, or roll‘poait;oaaér_

2.2

N sinulated in these short duration tests tlthont extensive devolop-ont

- work which was berond the scope of this program. -

A.Tho combustor used to onpply the 5 to 1 hydrogon-oxygon reaction pro-

~ ducts to the noz:leo was 8 conotont-preoonro typo devolopod by

..Ono eo-ponent whieh may hovo a neoouroble inflnonce on the heat tronof.rh'
" rate to the base but was not included in the model otndieo is the LOX
- boost pump turbine exhouot. This B, 0, exhaust oyote- could not. bo

Cornell Aeronautical Laboratory (CAL) prior to: the Contanr base heoting S

.tnd’o .

The tests were. condnctod in the 8 ft. dioneter, 25 £t long oltitudo

chamber at CAL. The. test focility ond eqnipment are described in N

Reference 1,

INSTRUMENTA 'ION Thin film.heat transfer gages developed at CAL and

 described in Reference 2 were used in measuring the heat flux to the

~ base and to objects in the reverse flow field. Nine gages were

,"

' ’ - L . S emen s . e o e e -



. An attempt was made to measure the radiation heat flux using a quarts Af '

..thoro'wonld be no rod diameter dependence.
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. mounted on the base, as shown in Figure 1. Tvo of ‘these at the eontor

of the model were removed when the boost pump sump was mounted.
Nine other gages were mounted on a movable rake which .could be positioned

in the region between the nozzles when the LOX sump and stofage bottles

- were removed. The rake consisted of three pyrex rods of 1/8..1/4 and -

1/2 inch diameter sizes. Three thin film héat_irannfer gages were

‘mounted on each rod. The rake codld be moved parallel to or: rotated ]2’”“';

about the model axis so that heat rate- to the different dianeter rodl
could be compared. The rake ‘is lhovn in Figure 2.

These gages néaqure total heat flnx. convective plus radiatien heatingé.

window placed over the film heat transfer gages. The window bloekdd

va out the convective heat but could allow rndiation flux to reneh the j-;
gage. However, quartz will trans-it only a small percentage of total

block body radiation in the low temperature range which coupriso- ﬁho

major portion of the expanded exhaust plume. .Therefbre;'although the .
gages indicated negligible radiation heat flux at the bbso, the actual = -

flux may have been at a somewhat higher neaunrnblo value,

TEST RESULTS The different rod sizes were used to yield inforﬁatidn
from which heating rates to various wires, tubes, and other equipnent'

in the base region could be determined, based. on the base region. .

flow configuration pertaining to the.llloth-scale model. Extrapolatioen .

of this heating rate intormaiion to full-scale equipment dimensions is ';if
posuible by correlating the ccalc model data on the .basis of the flow e
regime obtained for the attained model test conditions. If the flow :
is continuous of a turbulent nature, the heat flux will scale as the

~0.2 power of the diameter. For continuous lhninar‘flow, the heat flux -

would scale as the -0.5 power of the diameter. For free -oleciinr~llpi.

t

?.‘ ¥ o . N

it
et SR

3



. number, vhich is proportional tc uodel scale.

t These were run at a constant aminent pressure of 0,038 microns of
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-Bavever, complete knowledge of the dependence of bnee region flow on

model scale factor was not provided by the test programn, - The main

'vengine exhaust backflo"nay-be influenced by engine exhaust gas

vileoeity effecte) since the reverse flow eonaietl‘of'exhanet plume
'fringe" gas which has been boundary layer flow vithin the nozzles. . ‘
The nozzle boundary layer thickness is a fnnction of the flow Beynolde

Ce -

The nozzle ltegnation pressure va' varicd in some of the tests to vary

;-tnq Reyuolds number and thus give an ;udicatxon nf the effect of the

aozzle exit boundary layer on the reverse flow field. '~ However, ia

>'-_'veryin¢ the stagnation pressure, the jet exit. preleure -to anbient

preleure ratio was also varied. This ratio nay have a ei(nificent

effect on et plume interference, and thus on the reverse flow’ fl.l‘oahﬂﬂ-:
'QTherefore, caution must be exercised in interpreting these results. f?cf.ﬁ"

. The results of the variabdble chamber preeeure runs are shown in Fignre 3.

i

nercury (0.038;Jef‘ﬂg). From the average slope of these curves it can
_ be seen that the heat tranefer'gatic varies apprax;mately.ee the 1.8

power of the chamber preeeuee..rkeference'3 shows that the total

: temperature, viscosity, and specific heat ratioe remain approxiuately
- constant over this range of chamber preeeure. Therefore, the Reynolds

.aumber ia dxrectly proportional to the chamber preeaure or q (heat

flux) is 'proporiional to the 1.5 power of the nozzle flow Reyneldl'

-number. However, the base pressure and thus deneity of the reveree

flow field will be effected by the variation in ehamber Ppreasure,
Reference 4 shows reeultn of baae heating tests of the Saturn S-IV
six engine configuration. Total pressure probee located outside the .

engine cluster between two adjacent enginee indieated that the base
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pressure varies almost directly as the chamber preseureveven in tests
 with constant ambient.pressure. -This was especially true in the

" lower pressure’regione‘ot the bele; "Also, heat rete:proben in the

" same location 4in these S-IV tests show that the heat transfer rate
varied as the 1.4 poveu of fhe base pressure, Although the S-IV tests
: 'were run at a much higher ambient pressure than the Centaur tests, tro-
B B these data it may be concluded that the heat transfer rate is aftected

‘ by only a small tactor due to ecnling. ' ‘

The rates measured in theAcentaur l/ldth-scale test are eonseivative
- im that’»hey were conducted at a lower simulated altitude than actual
‘flight, The tests were conducted at a simulated altitude of -

. 360,000 ft. (0.038 u of Hg) uhereesvactual Centaur engine firing_eccurl o

at 450,000 ft. (0.006 y of Hg). Figure 4 shows the heat flux variation

FT with altitude. These tests were made'vith the rake 4.2 inches forvard

of the nozzle exit plane with the various heat transfer gages in the
'f_posxtions shown in Figures 3 and 4. It can be seen that the minimum
’e s19pe, n in the expression qev PA R is 0.065 with an aveiage'value ot["
0.12, The weasurements from Q12 and Q15 (Figure 3) were ignored -
. because they appeared to be erratic throughout the teet piogran.g There~

‘fore, the test data at 360,000 ft. is an average fector of 1.25 times
greater than the heat rate at 450,000 feet. A

' :Reference 4 also shows:that secondary exhaust tlou into the base
e region deereases the maxxmum heat flux to 0.6 times the maximum tlux

: of 2.9 Btu/ft -sec. with no secondany exheust flow. ' This reduction 1n "
‘heat rate is probably due to blanketing of the base with the cooler. o
" secondary exhaust gases and yill p;obably'apply to the Centaur vehiele.
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Thorefore. 1t can be nssu-ed that any acale faetor atfectin; the hoat

n‘ transfer rate duc to nozsle boundary layer lclling will be co-ponostod
for by the increased altitude and the tnrbine exhaust gas effect.

. - ment dimensions, aa obtainod from the rake data cnd explaincd in thc
"'-folloving parngraphu. c 'baf’;; o :

J“; All tests made to deternine the he.t flux profile nt the baae nnd in tht

reverse flow field were made with a chamber pressurn of "300 p-ia and c-f

o .Inxent pres ure of 0 .93_;432 B(.

The rake survey tests in the reverse f1ow field vere made vith th.
A; engineu in a null gimbal positxon. ‘The bulk of the tests were nadc to
Afind the heat transfer rate variatlon with rod aize and to find the -

" change of heat rate along the axis of the model between the base andli
_ ihe nozzle exit plane. The hédt'trénafef rates were measured at the
 center line of the model, at 3/4 inch from. center on’ the. Y-axis, at
" 1-3/8 inches from center on the X-axis, and at the X-Y coordinates

- (1-3/8", 3/4") on the model. Measurements were made at three ditteront, i
o positions from the nozzle exit plane, as shown in Figurl 2. rtgnrec

5 through 8 show the neasnred heat rateo at the various po-itionl in

-the reverse flow tield.

| Thé beat flux to the l/8f1nch‘rod ut‘th§ center line of the model
‘(Pigure 5) varies from 1.15 Btu/ft sec at 3.6 inches from the nozszle

";, Therefore, no sclling factor need by applied, other than that of oqnip-l"af«

exit plane to 0.65 Btn/ft sec at 4.8 inches. The flux to the x/z—ineh:~-'

s rod was lower, varying tro- 0.8 to 0. 6 Btn/ft sec ovor the same rnngo..f

t . . R - . - St e s e el h e i e e e e o e o e
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‘At 3/4 inch from center on tho Y-oxio, the hcot flnx to all three rodo
. was almost constant over the range, 3.6 inches to 4.8 inches from the
" nozsle exit. This heot flux oo shown in Plgure 6, ic opproxi-otely
0.4 Btn/tt sec.

At 1-3/8 iocoeo from center on the X-axis, the heat flux voeied from .
- 1.05 to 0.68 Btu/ft sec to the l/B—inch rod, snd from 0, oo ‘to 0.57
Btu/tt? ‘sec to the l/2—ineh rod. )

- The scatter in the data, in par cular the ex*r--e‘y low °°i“t' showa .
. - in Figures 6§ through 8, is due to electrical fault in the inetrunentotion.
"~_1Thel' points were neglected in. the anolyoio of the doto.-f, s

" 'The heat transfer rates at the XJY coordinates (l~3/8'. 3/4') show
-~ more scatter than at the other pooitiono on the rake. This ecan _
" probably be credited to the fact that this poaxtion io in the high Moeh

number, low density region of the reverse flow field: where the rates of

‘change of velocity and density are very high. In this region, the flow :e';f
-lvopproochco the free molecnlar regime where the heat tranofer rate- 48
';’proportional tocKQV ’ whcre P is the denaity of the approaching gas
stream and V is the velocity of opprooch. Since the heat flux is qnito"
‘_lov in tbia regxon, small variotione in the velocity of the’ flo' field .
" will cause nuch scatter in the doto. = ' "

: Figure 8 alao ohowo ‘that the heot tronofei rate to the l/4¥ioch rod "»2

lower than the heat rate to ‘the l/z—ineh rod at the (1-3/8, 3/4) -

coordinate. This contradicts the lavs of heat transfer and io probably

due to electrical bias in one or more of the heot flux gages. These

. data were not included in deterniolng the scale factors from ioriotieo_
- .of heat rate with rod diameter, ' o

wi o
DY

e

R

RV

N
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Reference 6 shows that the filn hent transfer eoefticientn for eyllndere f"

in the continuous flow regine are. npproxinntely:
S _3'5_' ~. (-tnr.bnl_-nt)
R D .. N o
huﬁ‘rg—- (laminar) = -
- LS L

In the tree-nolecnlnr regine, the}hent trnnnfer'rnfe is independent of
rod dilnet,er. C . o L .

‘The mean free path of the engine exhnnet producte,,a s is about 10 sol )
. -at a pressure of one ntnonphere. Sinee ;a is invernely proportionnl te
”;'prennnre. it the reverse Ilov field in expnnded to nnbient prennure, the:f;l.'

.. mean free pnth 183

A - '(r’./r.;;;)”éﬁ-'.’-' <o

';'The rod dinmetere are in the order of 1 cn. Therefere, the Knndnen

" . pumber which is defined nn,;a /D is npproxlnntexy 260 for ihe eaaditiene

stated above. Reference 6 nhown ‘that the tree noleeulnr flow regi-e

' .exintn for Knudsen numbers grenter than 1. 0. Therefcre, the reverne'

flow could be in the {ree noleenlnr regine nt the point where the rodn

"nre eneountered.

In Plgure 10, thehilope; n;;fron tne expression

ioa ()" R R )

:i 1- ehown to vary from 0.27 to 0. 05 at the eenter ot the nodel vwhere
. q e the heat flnx in Btu/tt sec and D is the rod diameter. lritin;;

_1:; fi“ R jf:;‘fj;‘»nevr
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N‘ «(B,)- B - o e : : »(2)".

_ where N‘ is the Nusselq nunb§i and Re ii.noynbid- nu-bgr,' The result

ST e )

’ h = tils heat _tiansfer cosfficient
‘ R D = rod diameter | L

?7'\“';1"':" -k - thennl conductivity of the rul

: O S /c - gao denlity

bool e ¢ = -gas viscosity

The ‘heat flux can be _rrittehi’u’t';“a:-':

q = BAT or gk o (e
:} §1 " Then, from équution (1)

":anc.!”f_ron eﬁua.tion'_ (3) B

Therefore, at the center line of the model, at Station 3, N KR .73

and at Station 1, N N, Beo 95~. At 3/4 1nchec from center on the Y-axis
e m varies from 0.775 to 0.815, At 1-3/8 inches from centcr on thc X-
: O o axis m is nearly conut.nt at 0.89, ' o

.8
. f B .. .
. L4 : . . . I
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Reference 7 shows that with values of ®» in this'range},the reverse

flow is probably in the slip regime betweep.eontinnﬁi laminar and free

) molecular. For slip flow, the Knudsen number is approximately 0.1,

8o the eatiunted pressure et'the'center line in the reverse flow field

o le near 100 nicronu of Hg at Station 3 and approachel 10 -ierone of Hg
- at the bsee. o S : : ’

The equipment mounted in the base region of Centaur:is located forward '
“of Station 1. Therefore, 20,8 vonld epply in eeeling the heet flnx

* to various size viree and equipment .en Ceﬁtsur.

B get & more complete profile of the heat flux in the ieve}le flow

field, the rake was rotated 90° from. the position where the above data

" were measured, The gage locationa tor the rake in both poeitionl is

shown in Figure 11, Tests were run at each of the three stations

" shown in Figure 2 with the rake in the 90° position. . By interpolation o

| of all the rake data, the heat flux distribution at eaeheof the three o

" stations was estimated as shown in Figuresl12 through 14. Also, tﬁe
‘heat flux p:ofile at Station 1 is shown in Figure 15,

The heat flux to the base was measured with the engines in a null

gimbal position, as well as 3 degrees in yaw, pitch and roll.. In one
test with no:gimbelling, the base 'ae;eleared‘of the LOX sump and

storage spheres. In all other base heat flux tests this extra equlp-

-ment was included. The results of the tests are shown in Figures 10
" and 17. The points shown to the left of center in Fignre 18 were

. interpolated from the values -eaanred 30 degrees on each side of the

.Xi.e B ’ ) . ’ - V ) . ¢
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’-Althongh no repeat runs were mede with any o! theee g1nbel configuretiene.

the data are felt to be valid because it folleve the expected trends.

~ | The heat flux is low at the center where the gas density is high, bdbut
' the velocity is very low. Expanding from the center, the product fV
| increaeee, reaches a peak at ebout 2.2 1nchee frol the model center,

. “and then decreases eqj’repidly decreeeee.» -

. Figure 17 shows thet the heat flux is hlgheet elong the X-exin, the

”'.Jet interference line, and decreases rapidly on either side. The varieus o

engine gimbal ruans showed inereeeed heet lux to the haee over the null

gimbal cases. Although it can not be readily explained, tbe yaw gimbal

: '"t~poeition gave highest heat flnx veluee reeching a maximum cf 0 19
' Btu/ft sec 10¢ from the X-exie. Theee data’ werc higher by a factor ef

2 than the data from the other run. . These high peasured rates may be .

" due to instrumentation error. but no proof is eveileble. Therefore,'.- :
" it will be assumed ‘that these rates are correct. end cen be expected on o
“the full ecele vehicle. - e '

'

CONCLUSIONS AND RECOMMENDATIONS The reverse flov field is in the slip

. flow regime at points near the nozzle exit plane and approaches the

free molecular regime near the aft bulkhead. The highest convective

:'heat flux in the base region of the Centaur vehicle occurs elong the
- X-axis.. The heating rate is sharply reduced at points on either side '. o
.of this axis. Aleo, the heeting rete decreasee with the changing flow o

regiue with distance Iron the nozcle exit plene.
Because of this verietion of heat flux '1tb poeltion in the base re;ien,t

each temperature eeneitive co-ponent must be enelyzed separately to

deter-ine it it ie edequetely protected from engine pln-e heating.

10
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The heat flux to small components mounted on the aft bulkhead will be
comparable to that of the aft heat shield at_siiilar_surface temper-
atures, Tubes, wire bundles and any other small components aft of the

base, near the X-axis of the vehicle will be subject to higher heat

* flux than the heat shield since the flow field in fhesé regions is in
‘the slip-flow regime. ' ' ‘ '

The convective heat flux valueé measured in the 1/10th-scalc model

tests are directly applicable to components in the aft region of the

. vehicle., These values are slightly conservative, because they were

measured at antéltitude bglow;wﬁich the Centaur stage operates. Also,

vthe LOX boost pump turbine exhaust, which may have some cooling effect
-at the base, was not included in the 1/10th-scale tests.

" No radiation heat flix information was obtained from this test program,

The radiant flux to components in the aft regicn'has been estimated
from 1/40th-scale tests and Atlas flight data. However, this was a'

crude estimate and may be in error.

Therefore; both total and conveétive hﬁdt»traﬁsfer calorimeters should
be installed on the Centaur R&D vehicles to provide. data with which |
the CAL 1/10th-scale model test information may be correlated, as 'oll
as provide direct information, 1ncluding radiation data relative to

,the actual flight environnent.,-

11
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CENTAUR BASE INSTRUMENTATION LAYOUT
lo&oas ' : : . .
Ty - '1‘9 are thin film temeratm gages
T@ and T9 are only in placo vhon LOK booat punp sump 1is renoved
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